. Topographic AFM image of grains in the as-deposited HfOx nanofilm. Figure S1 gives the topographic AFM image of grains in the as-deposited HfOx nanofilm, which reveals a granular corrugation with an RMS roughness of 0.38 nm over an area of 1 μm 2 . Such a flat film surface and uniform grain size distribution ensure the validity and accuracy of the CAFM measurement. Conductive paths are usually associated with grain boundaries in which the abundant presence of defects and oxygen vacancies leads to the formation of localized states and bands within the HfOx bandgap. 1
shows the positioning method of AFM topography scanning in the same area before and after OPT. Here, the silver paste microparticle was dropped on the surface of the HfOx nanofilm by using a capillary tube. 2 We can see that the morphology of the silver particle before and after OPT is very easy to distinguish, this positioning method is more convenient, no mask and metal evaporation are required, and the effect of heat treatment on OPT is avoided. 
